In this paper, we study the stability and the stabilisation of 2 0 discrete linear systems with multiple state delays. All of the new results obtained are based on analysis of the Fomasini-Marchesini state space model with delays and the resulting conditions are given in terms of linear matrix inequalities (LMls). A numerical example is given to illustrate the effectiveness of the overall approach.
INTRODUCTION
The analysis of time-delay systems is a very important part of (linear) systems theory and has been a very active research area over the past few decades. The interest in time-delay systems stems from the fact that such delays wcur often in, for example, electronic. mechanical, biological, metallurgical and chemical systems -see, for example, (IO, 111.
. m e existence of delays is frequently a source of instability.
Much work has been reported on the problem of the stability of standard, termed I D here, linear systems with delays [4. 121 but relatively little on the stability of 2 0 (nD) linear systems with delays.
In this paper, we develop stability conditions for 2 0 linear systems with multiple state delays and then establish some connections between multidimensional delay and delay-free systems. Based on the these results conditions for the existence of stabili- 
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Noncommensurate delays
In the case of noncommensurate delays, the following result characterizes asymptotic stability of the class of systems considered in terms of an LMI condition. Proof: This is via a Lyapunov-Krasovskii approach. In particular, suppose that V ( { , E ) denotes a function that expresses the energy stored at x ( i + {, j + E ) and consider the particular case when
V(CIO = x r ( i + C , j + E ) W , , + ( i + C , 3 + E )
where Wct > 0 is given and C, Now consider the result of substituting (7) and (8) into (9) and define the augmented state vector as
where x( includes all states from those which only consist of -R3 and -01) in (10) can be omitted because they only contribute terms that are guaranteed to be negalive definite. By again making use of (7) and (8) 
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Commensurate Delays
In what follows, we show that if all delays present in (5) are commensurate then investigation of the stability properties of 2D delay system can be equivalently treated as the stability investigation of a 4 0 delay free system. The key to establishing this fact is the Elementary Operation Algorithm (EOA) developed by Gatkowski [71.
In general case, the notation associated with this area is very cumbersome and hence for ease of presentation only we consider the particular case of a 2 0 linear system of the form (3) with two delays in each direction. i.e. we restrict attention to ml = mz = 2. In which case it is clear that the associated characteristic polynomial for stability is given by the determinant of the following 2D polynomial matrix 
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Here only elementary operations that preserve the matrix determinant are used and hence it is straightforward to see that (13) and (15) have the same determinant and hence the stability property for both system descriptions is the same. This result is easily extended to the partially commensurate case. In particular, assume that each delay dl,, v = 1,. . . , ml is a multiple of one of basic noncommensurate delays kl, kz,. . . , k,, and similarly for dlh, h = 1,. . . , mz of 1 1 , 1 2 , . . . ,It,. Then the previous method exploiting this fact requires the investigation of an nD linear system, where n = t l + t z + 2 whereas the metbod of Theorem 1 here requires the investigation of an m D linear system with m = ml + m2 + 2.
STABILlZATlON ZD LINEAR SYSTEM WITH

MULTIPLE DELAYS
Consider a 2D linear system with multiple state and input delays described by (3) and assume that the state feedback control law 
CONCLUSIONS
This paper has considered particular aspects of the stability of 2 0 linear systems with multiple state delays. All new results are expressed in terms of LMls and hence their actual implementation for numerical examples can, in principle, follow immediately. One potential problem with this approach, however, is the fact that the dimensions of the matrices involved in the LMI based conditions could well be very large and hence numerical difficulties could arise. This can occur, for example, when the system dimensionality is large (n >> l) andlor many delays are present. This aspect is clearly one to which funher research effort could be applied. Another key feature of the stability tests in this paper is that they extend in a natural manner to the design of stabilizing control laws -a feature which is not available for other stability tests in the many particular cases of processes with 2DlnD linear dynamics.
